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Abstract: The study of border resilience is an effective means to analyze the development status of
border cities. This study constructs a border city resilience assessment framework, measures the
urban resilience level of 13 prefecture-level administrative regions in China’s northeastern border
region from 2010 to 2019, reveals their temporal and spatial differentiation characteristics, analyzes
the main obstacles, and proposes development strategies. This study reveals the following: (1) The
overall resilience of the northeast border cities is at a medium level, and differences between regions
and cities are large. (2) The resilience of the northeast border cities increased rapidly between 2010
and 2015, especially in the western area; the improvement effect was poor between 2015 and 2019,
and except for the increased resilience of individual cities in the eastern area, the development of
other cities was slow and some even declined. (3) At the city scale, the development potential,
economic structure, residents’ security, and environmental governance capabilities are the main
factors restricting improvement in the basic resilience of the northeast border cities. Insufficient
national policy support and the poor development of neighboring countries have become obstacles
to cities” exclusive resilience.
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1. Introduction

Cities are the core and foundation of the development of border areas. Against the
backdrop of deepening reform, opening up and the “Belt and Road” initiative, border
cities have become the frontiers of economic opening and rely on cross-border trade at
ports and its important role at the regional and national levels [1]. With the all-round
improvement in the ecological environment and infrastructure of the domestic border areas,
border tourism has gradually emerged, and border cities are responsible for being bases
for both opening up and domestic cultural tourism centers [2]. Thus, the development of
border cities has received extensive attention [3,4]. However, owing to the disadvantage of
internal geographical location and the influence of the external geographical environment,
the development level of border cities still lags far behind that of other cities, showing
higher vulnerability when dealing with external threats [5]. In recent years, the coronavirus
disease (COVID-19) pandemic has spread worldwide, and border cities have faced the dual
challenges of epidemic prevention, control, and economic development [6]. Improving
the level of urban resilience and effectively managing its impact will become key issues in
research on China’s border cities.

The concept of “resilience” originated from the study of physics, and originally meant
“the ability of an object to return to its original state”. In 1970, Holling introduced it into the
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field of ecology and used it as a reference in psychological research, after which the fields
of engineering technology and socioeconomics successively introduced resilience [7]. After
the Local Governments for Sustainability (or simply ICLEI) formally introduced the idea of
resilience to urban issues in 2002, several scholars and institutions at home and abroad have
researched urban resilience and subsequently proposed the concept of building a globally
resilient city [8]. At present, the related research on urban resilience closely combines
the “human-land” relationship regional system with the “economic-society—ecological”
coupling system [9]; this has become an important way to explore and solve the problem of
urban sustainable development in terms of regional economics and geography. In terms
of research content, foreign scholars’ research on urban resilience mainly focuses on the
conceptual definition, element integration, and evaluation methods [10]. In recent years,
collaborative governance and community control have emerged as new perspectives in
resilience research in the West [11,12]. Research on urban resilience in China has focused
on defining the connotations of the concept [13], conducting resilience measurements and
evaluations [14], and analyzing evolution trends [15]. Most research methods are based
on the construction of an evaluation system that is centered on the basic components of
resilient cities using empirical methods [15-17]. Specifically, it includes a comprehensive
index method, resilience network method, function model method, and layer-stacking
method in order to analyze the degree of urban resilience comprehensively and quantita-
tively [18]. Based on this, urban resilience-related research focuses on typical geographic
research areas (e.g., the Yangtze River Delta region and cities in the middle reaches of the
Yangtze River) or specific types of cities (e.g., resource cities, tourism cities, and coastal
cities) [13,15,19-21]; however, few studies have investigated the resilience of border cities.
At the same time, border cities, as an important urban type, have introduced the resilience
theory to the border. This has important theoretical and practical significance for the
problem of urban development.

However, due to the late start of research on border cities that involves the idea of
resilience, the current research on border cities is still mainly focused on quantitative
assessment and strategy selection, while articles that combine the two systems of border
cities and urban resilience are still rare. Among them, as early as after the outbreak of
the conflict in Afghanistan, some foreign scholars began to explore the war response
capacity of border cities in the security sense [22], which is an early exploration of the
relationship between security and resilience in border cities. Since then, scholars have
targeted border cities in war-torn countries such as Afghanistan and Iraq, focusing on
vulnerable human rights [23], ethnicity, and refugee flows in towns and cities [24,25].
DA Shirk focused on the vulnerability of countries in the Central American Caribbean,
particularly in regard to Mexican border cities in which spillover crimes, such as those
related to drugs and guns, threaten U.S. border states and counties [26]. With the tangible
development of the cross-border cooperation of cities on both sides, studies have begun to
focus on the relevance and coordination of border city cooperation with regard to ecological
governance and technological advancement. F Yao et al. argue that the development of
high-tech cooperation parks in border cities can help enhance economic relations between
the two sides. Castanho et al. contribute to research on the European city of Elva-Bada by
evaluating the impact of the 2013 Cross Border Cooperation (CBC) project that led to the
successful creation of the European city of Elva-Badajoz, in which inter-city connectivity,
mobility and political commitment guaranteed the sustainable development of the city [27].
On the domestic front, Chen Yewei and Ding Guanliang used an economic approach to
evaluate the economic resilience scores of prefecture-level cities nationwide and developed
a classification table with four levels of intensity [28]. By constructing an index system for
evaluating the economic resilience of cities in the northeastern region, Mansan proposed
corresponding suggestions for the further optimization of urban economic resilience based
on both the openness characteristics of foreign trade and the openness characteristics of
domestic trade in northeastern border cities in China [28]. Bai Limin and Xiu Chunliang
et al. quantitatively assessed the resilience of cities above the prefecture level in China and
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found that the overall resilience of cities along the border areas in China is low [29]. On the
whole, due to the constraints of objective factors, such as data access and the sparseness
of border cities, scholars at home and abroad have difficulties in obtaining the required
data and combining them with field research when carrying out research. In addition, it is
difficult to generate enthusiasm for research regions, such as core city clusters and coastal
cities, and there is a lack of exploration of the spatial interactions and linkages between
urban resilience systems and border systems in the academic community.

The external geopolitical environment of China’s northeastern border areas is complex
and changeable, and China has long faced a series of social and economic problems, such as
serious population loss and declining urban vitality. Since China’s State Council proposed
the “14th Five-Year Plan”, the northeastern border area has received widespread attention,
and the state has issued a series of policies to support the development of the border area.
In this context, this study considers Northeast China as the research area and covers the
research period from 2010 to 2019. It constructs a border city resilience evaluation model
using the basic resilience dimension and the exclusive resilience dimension of border cities
in order to analyze the resilience state of the city, its evolution process in time and space,
and its main obstacle factors. As the location at which all resources, such as population,
economy and culture, in the border area are united, the development status of border
cities can be regarded as a microcosm of the border region as a whole. The development
of border cities is bound to be more challenged by the large number of border cities in
northeast China, as well as the fragmented distribution and loose connection between
large-medium cities and medium-small towns. Due to the connection of the border city
with neighboring countries and the vast frontier, they are exposed to uncertain risks, such
as security incidents and economic fluctuations, their vulnerability and sensitivity are more
intense compared to those of inland hinterland cities or coastal cities, and their urban
governance is more difficult. With the strong mobility, high sensitivity and economic
externality of the border area, cities that gather regional resources inevitably face the
pressure of natural disasters and human interference. While attracting population mobility
and industrial agglomeration in border areas, ways in which to improve the ability of cities
to cope with the disturbance of various factors and to adapt and recover after being affected
is an urgent issue to be addressed in the development of border cities. The introduction of
resilience perspectives and new methodology will provide a new way of thinking when
studying the sustainable development of border cities. This study is beneficial in order to
improve the theory of urban resilience, and is dedicated to exploring the urban resilience
of the border areas of northeast China. While enriching the study of urban resilience,
based on the border area of China, we expect to combine the theory of coordinating the
human-land relationship in geography and contribute to the long-term sustainable and
healthy development of Chinese border cities.

2. Conceptual Framework: Resilience Definition and Index System Construction of
Border Cities

2.1. Definition and Characteristics of Border City Resilience

Urban resilience refers to the ability of an urban system to maintain or restore natural
and social stability in the face of disturbances via the rational organization of resources [30].
This refers to the ability of a city to maintain basic social and economic construction. As
a subsystem of the urban system, the resilience of border cities is universally relevant to
the study of border cities. Second, as the main locations of material culture and security
incidents in border areas, border cities have prominent border attributes compared to
other types of cities. The free flow of goods and personnel drives urban development.
However, this development may also be fragile, owing to the tension in the local relations
between the two countries [4]. Therefore, based on the mechanisms of resilience, this study
comprehensively considers the systematic characteristics of border cities and believes that
the resilience of border cities refers to the regional resilience state that is formed by the
interaction between the maintenance of the basic production and living conditions of cities,
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and the conduct of a series of economic activities that are relayed to borders when they
face various acute internal and external shocks and chronic pressures within the complex
geographical environment at home and abroad (especially the influence of export-oriented
economic fluctuations). At the same time, the administrative area of the Chinese border is
large, and there are huge economic differences and discontinuities among cities. In addition
to natural differences in geography and culture, the urban population and manufacturing
activities (employment, foreign investment, and exports) brought about by local policy
attraction explain most of the development gaps in border cities [31]. Considering that the
efficiency of border resource flow and these cities’ ability to cope with risks depend on the
level of urban development, while urban operation also benefits from border location, the
influencing factors and mechanism of the resilience of border cities are further explained
on the basis of two dimensions, basic resilience and exclusive resilience; this is achieved
through an in-depth exploration of the characteristics of the population and the economic
activities of border cities that are different from the usual research areas (Figure 1).
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Figure 1. Schematic diagram and characteristic deconstruction of border cities.

The basic resilience of border cities refers to their stable states as city systems. This
state means that in the face of a short- or long-term disturbance to the natural environment
or to human activities, cities can improve their ability to cope with interference and resist
risks in the current and future periods; this is through the close cooperation of cities in
terms of economy, society, ecology, and facilities, in order to adapt to the impact, restore
themselves to the original state and achieve the goal of sustainable development. The
exclusive resilience of border cities refers to the development opportunities obtained
through the complex interactions between “closed” and “open” cities, depending on
national boundaries [32]. Border cities generally start life as a place in which to gather
resources in the border areas, which gradually develops into a large city. Since their
formation, internal and external environments have affected the development of border
cities. Whether the environment of the neighboring countries is stable, border cities’
strength of contact with internal and external cities, and their degree of opening to the
outside world, determine their exclusive resilience. The urban resilience of border cities
is measured through these two dimensions. Based on basic urban and exclusive border
resilience, an interactive system of basic resilience (urban system) and exclusive resilience
(border system) is formed.

Overall, the research on the resilience of border cities has the following characteristics:

a.  Complexity and diversity: The resilience of border cities involves comprehensive
and diverse elements, which form a whole via the coupling of the urban system in
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order to deal with interference and sustainable development, the urban interior and
surrounding cities, production, life, and the ecosystem. At the same time, the regional
differences, the city’s development conditions, and different practical problems cause
diversity in the resilience implementation process of border cities.

b.  Uniqueness: The resilience research of border cities has something in common with
previous research on urban resilience. It also has a particularity owing to the shielding
and intermediary role of border locations in terms of nature, society, economy and
trade, and geography.

c. Dynamics: Changes in the environment and the disturbance of various uncertain
factors cause the resilience levels of border cities to fluctuate over time.

2.2. Construction of Evaluation Index System for Border Cities Resilience

This study begins with adefinition of border city resilience and refers to existing
measurements and evaluations of urban resilience at home and abroad [11,16,33]. Based
on the principle of scientific systems and operability, the evaluation index system of the
resilience level of border cities is constructed using the basic and exclusive resilience
dimensions. Specifically, 22 secondary indicators are included, in which the positive or
negative nature of the indicator indicates its enhanced or weakened impact on the resilience
of border cities (Table 1). Considering that the selected index data are significantly different
in terms of units and orders of magnitude, and that the positive and negative directions are
distinguished, a standardized method is used for the dimensionless processing of data.

Table 1. Evaluation Index System of Border Cities” Resilience.

R.e 5111er}ce Flrst.Level Second Index Indicator Meaning The Nature of
Dimension Indicator Indicators
Basic resilience Economy Per capita GDP/(yuan/person) Economic base +
Urban and rural residents’ savings/ Economic potential N
billion CNY at the end of the year P
Proportion of tertiary industry .
to GDP/% Economic structure +
. Total urban resident L
Society . City size +
population/person
The proportion of education . .
expenditure in fiscal expenditure/% Educational input *
Natural population growth rate/% Development potential +
Unemployment rate/% Social pressure -
Social insurance index ! Residents’ living security +
Ecolo Sulfur dioxide emissions per square Environmental pollution B
&Y kilometer /(ton/km?) pressure
Greenmg.coverage re;te /% in Urban greening level N
built-up areas%
Domestic waste harmless Ability of environmental N
treatment rate/% management
Municipal engineerin
. . . . 5 p g g
Facility Drainage pipe density/(km/km?) construction +
Number of beds in medical Expenditure for
s . +
institutions per ten thousand people public health
The proportion of broadband Information technol- N
Internet access/ % ogy popularization
Exclusive Total imports and exports/billions of .
resilience Open strength dollars Opening degree +
Actual utilization of foreign Attractive to foreign
- . +
capital/ten thousand dollars investors
Total import and export/GDP (%) Ratio of dependence of +

foreign trade
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Table 1. Cont.

Resilience
Dimension

Flrst.Level Second Index Indicator Meaning The Nature of
Indicator Indicators

Border cities supported by
national policies 2
(1) State Council Approved a Class of

Opening Ports
(2) Key development and opening up Policy support N
pilot area
(3) Frontier national ports
(4) Border economic cooperation zone
(5) Cross-border economic
cooperation zone
Neighboring Index of vulnerable Vulnerability of
environment neighboring countries neighboring countries -
UN Human Development Index of Development level N
Neighboring Countries of neighboring countries
Association Distance from border cities to central
e . . L Internal contacts -
strength cities in administrative districts/km
Distance between border cities and Contacts with
neighboring border port cities/km 3 overseas parties -

Note: ! Social insurance index indicates the proportion of urban residents with various types of insurance in the
total urban population, and 2 measures the strength of the city supported by national policies (1-5 assignments
according to the above five policy conditions, each corresponding to 1 point). 3 According to the foreign economic
and trade information in the United Nations database, the General Administration of Customs, and the statistical
yearbooks of various provinces and regions, the important border port cities of neighboring countries selected are
Choybalsan of Mongolia; Vladivostok, Usulisk, Khabarovsk, and Bragovicshensk of Russia; and Xinyi Prefecture,
Huishan, and Manpu of the DPRK.

a. The basic resilience dimension: Border cities are common indicators of urban sys-
tems, and the priority areas of the economy, society, ecology, and facilities are considered
according to the theme of urban resilience research [34]. Among them, the economy is
the foundation of urban resilience and the fundamental driving force for improving envi-
ronmental quality and social progress, mainly including economic foundation, economic
potential, and economic structure. As the institutional guarantee of urban resilience, social
factors provide grassroots support for material development, including urban scale, educa-
tion investment, development potential, social pressure, and residents’ living security. The
ecological construction of the city’s green barrier in order to create a livable ecological city
that is able to prevent floods and mitigate pollution is of great significance; this is achieved
via the characterization of environmental pollution, a good level of urban greening, and
the determination of the environmental governance capacity index measure. Facilities are
key material elements and direct realistic factors that ensure the quality of life of residents;
they are mainly reflected in municipal engineering infrastructure, medical and health in-
vestment, and information technology popularization. Secondary indicators that represent
these four areas are selected to measure the basic resilience of border cities.

b. The exclusive resilience dimension: The border city is the characteristic index of
the urban system, and the three indexes of open strength, neighboring environment, and
association strength are selected. Since border trade has a significant effect on the devel-
opment of border cities, foreign trade in border cities plays an important role in opening
up these factors [35]. Additionally, national policy support plays a role in promoting the
resilience of border cities. By considering the National Border Economic Cooperation Zone
approved by China’s Ministry of Commerce in 1992, the first class of ports approved by
the General Administration of Customs, and the list of key border areas published by the
State Council in 2016, the national policy support for border cities was judged in order
to assign indicators. The environmental factors of neighboring countries are external and
uncontrollable factors that are faced by border cities at all times. Referring to existing
research, the Fragile State Index and United Nations Human Development Index are used
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to characterize the influence of the geographical environment of neighboring countries
on China’s border cities [36,37]. A reduction in the fragile state index of the neighboring
target countries and an improvement in their human development index can create a good
external environment and ensure the resilience of domestic border cities to a certain extent.
Considering the geographical location of the border cities inside and outside the country,
the distance from the central city within the same administrative area affects the flow of
resources to the border cities in the region and the support response after the crisis. The
geographical distance between the border port cities of different countries determines the
convenience of cross-border trade interaction [4]. The closer the distance, the easier the
connection, and the better the development opportunities for the target cities.

3. Overview and Research Methods of Study Area
3.1. Overview of Study Area

The northeastern border cities in this study included 14 municipal (state and alliance)
administrative regions along the eastern border of Liaoning Province, Jilin Province, Hei-
longjiang Province, and the Inner Mongolia Autonomous Region, which border the DPRK,
Mongolia, and Russia, respectively (Figures 2 and 3). The region covers 14 prefecture-level
cities, 38 cities, and several counties, with a total area of 6033.98 million square kilome-
ters; this is 52% of the total land area in Northeast China, and its population accounts for
18.97%. This study considered 14 prefecture-level cities as basic research units. Cities in
the northeastern border region have long faced a series of problems, such as the loss of
population to varying degrees, idle land and housing, stagnant economic development,
the declining vitality of urban development, and a realistic environment, such as the low
level of opening up of external neighboring countries and the remoteness of border areas
far from their economic centers.

legend
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. . ¥
—— national boundaries

Provincial Boundary
National border cities

SN

e

5.
)

500 km

legend
- Northeast border cities

Northeast China

Figure 2. Location of the study area.
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Study Area Border with DPRK Border with Russia Border with Mongolia
Liaoning Province Dandong
Tonghua
Jilin Province Baishan
Yanbian
Mudanjiang
Jixi
Shuangyashan
Heilongjiang Jiamusi
Province Hegang
Yichun
Heihe
Daxing'anling
Inner Mongolia Hulunbeier
Autonomous
Region Xing'an League

Figure 3. The provinces to which the study area belongs and the bordering countries.

3.2. Data Source

This study selected 13 prefecture-level cities in the northeast border area (including the
Xing’an League and Yanbian Korean Autonomous Prefecture, in which the Greater Hinggan
Mountains area was not studied due to difficulties in obtaining data) as the research area
at the spatial level. Regarding the study period, three time nodes were selected: 2010,
at the early stage of China’s twelfth five-year plan; 2015, at the end of China’s twelfth
five-year plan; and 2019, at the end of China’s thirteenth five-year plan. The research panel
data mainly came from the China City Statistical Yearbook; the Statistical Yearbook of
Heilongjiang, Jilin, Liaoning, and Inner Mongolia from 2010 to 2019; and the Statistical
Yearbook of Urban Construction of the Ministry of Housing and Urban Development,
supplemented by the statistical bulletin of each city. The policy data were derived from
the list of key border areas issued by the Ministry of Commerce of the People’s Republic
of China, the Port Administration Office of the General Administration of Customs, and
the State Council’s Views on Several Policy Measures to Support the Development and
Opening up of Key Border Areas. The national vulnerability index was from The Fund For
Peace website; the United Nations Human Development Index (HDI) came from the United
Nations Development Programme (UNDP); and geographic distance was calculated using
the Baidu map-picking coordinate system and ArcGIS software. The missing data were
supplemented by interpolation.

3.3. Research Methods
3.3.1. Entropy Weight-TOPSIS Evaluation Model

In this study, a TOPSIS evaluation model based on entropy weights was used to
measure the urban resilience of the northeast border areas. The advantages of the entropy-
weight TOPSIS model include its operability and reasonable results. Therefore, this study
selected the entropy weight-TOPSIS model according to the methods used in existing
research in order to quantitatively and objectively evaluate the resilience levels of north-
eastern border cities [38]. The specific steps were as follows:

a.  Data after normalization were normalized and the weights of each indicator were
determined using the entropy weighting method.
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b.  The weight vector uj that was obtained using the entropy weighting method was
considered in the decision matrix, and the weighted normalized decision matrix was
obtained by multiplying each row of the matrix R with its weight uj as V = (vij) m x n

vll 012 --- oln r1l-ul r12-ul  ---  rln-ul
v21  ©v22 .- v2n r21-u2 r22-u2 .- r2n-u2

V=1 . ) ) L= ) . ) ) (1)
oml ovm2 --- ovmn rml-um rm2-um --- rmn-um

c.  Positive and negative ideal solutions were sought, where Z+ denotes the optimal
solution and Z-denotes the inferior solution.

7zt = {maxz;|i =1,2,--- ,m} = {z1%,Z2%,... ,Zn"} )

z" ={minZjli=1,2,--- ,m} = {z17,227,--- ,Zn"} ®)

d. The distances D+ and Z— of the evaluation vectors were calculated to Z+ in different
zones, separately.

o = B2 P =12 2

Il
-

N

U

|

I
e

(Zij=2z7) (i=12,-,m) )

i=1

e.  The closeness of the target to the ideal value was calculated and ranked.

D;~

“=b 4D

(1<j<n) (6)
At the same time, we calculated the evaluation value of the resilience of the northeast-
ern border cities.

3.3.2. Obstacle Model

To clarify the shortcomings that restrict improvements in the resilience of border
cities, the obstacle degree model was used to analyze the obstacle factors of the resilience
of northeast border cities. The obstacle degree model uses the index deviation degree,
factor contribution degree, and obstacle degree for analysis and evaluation [39]. The index
deviation degree is the gap between each index and the evaluation goal of urban resilience,
the factor contribution degree reflects the influence of a single index on urban resilience,
and the obstacle degree is the negative impact value of a single index on urban resilience.
As the selected indicators are deterministic in various statistical yearbooks, the contribution
and deviation of the factors were not analyzed; however, the obstacle factors were analyzed
in depth according to the degree of obstacles. The formula used was as follows:

n
M; = Ojj x F; x 100%/25‘ x O 7
1=

In the formula, Oy represents the deviation of the jth index of city i, and represents
the standardized value of a single index. F; is the factor contribution of the jth index, and
M; is the obstacle degree of the jth index of city i.
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4. Spatial-Temporal Differentiation of Resilience of Northeastern Border Cities

The entropy weight-TOPSIS method was used to calculate the basic, exclusive, and
comprehensive resilience of 13 cities along the border of Northeast China in 2010, 2015, and
2019, respectively. The Jenks natural breakpoint method was used to divide the resilience

evaluation value into five grades, and the grading crite

ria for the resilience of the border

cities under each dimension were obtained (Table 2). ArcMap software was used to link
the measured resilience values with the data in the vector format of the study area, and a

spatial distribution map of the resilience of the northeast
2019 was created (Figures 4-6).

ern border cities in 2010, 2015, and

Table 2. Criteria for resilience grade of northeast border cities.

Urban Resilience Grade Basic Resilience of Border Exclusive Resilience of Comprehensive Resilience
Cities Border Cities of Border Cities
Low resilience R <0.2094 R < 0.3684 R < 0.3598
A lower resilience 0.2094 <R < 0.4736 0.3684 < R < 0.5030 0.3598 < R < 0.5334
Moderate resilience 04736 < R < 0.5709 0.5030 < R < 0.5557 0.5334 < R < 0.6001
Higher resilience 0.5709 < R < 0.6982 0.5557 < R < 0.7112 0.6001 < R < 0.7124
0.6982 < R < 0.9108 07112 < R < 0.8485 07124 < R < 0.8474

High resilience

(c) 2019

Figure 4. Spatial distribution of basic resilience of northeast

(b) 2015

Basic resilience grading

[ ]o.0918 - 0.2094
[ 10.2005 - 0.4736
[ 0.4737 - 0.5709
I o.5710 - 0.6982
I o 6983 — 0.9108
7/// Data not yet available

Non-border city

border cities in 2010, 2015, and 2019.
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(a) 2010 (b) 2015

Exclusive resilience grading

] o0.0805 - 0.3684
| ] o.3685 - 0.5030
[ 0.5031 - 0.5557
P 0.5558 — 0.7112
B o.7113 - 0.8485
;%;f?j Data not yet available

Non-border city

(c) 2019
Figure 5. Spatial distribution of exclusive resilience of northeast border cities in 2010, 2015, and 2019.

4.1. Basic Resilience of Northeast Border Cities

From a spatial point of view, the basic resilience level of the northeastern border cities
generally presents a trend of “high in the east and low in the west”. The low-resilience
area is mainly concentrated in the northwest of Heilongjiang and in small cities with
sparse populations and weak economic foundations in the eastern part of Mongolia. The
high-resilience area is mainly concentrated in large and medium-sized cities with a high
degree of urbanization and a good economic foundation in the eastern part. Combined
with practical factors, it is found that Xing’an League, Hulunbuir, Heihe, and Yichun in the
western region have been in the weak areas of economic development and infrastructure
construction for a long time. Except for Hulunbuir, the per capita GDP of the other
cities is lower than the overall level of the region. At the same time, they are faced with
various social problems, such as a small urban population base, a high unemployment
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rate, and insufficient investment in education. Cities located in the east generally have the
advantage of good industrial and urban infrastructures. Among them, Dandong City in
Liaoning Province, Yanbian Korean Autonomous Prefecture in Jilin Province (hereinafter
referred to as Yanbian Prefecture), Mudanjiang City in Heilongjiang Province, and Jixi City
in Heilongjiang Province have the best development conditions. However, insufficient
living security, low government efficiency, and insufficient vitality caused by long-term
population loss are common factors that restrict the generation of improvements in the
resilience of these cities (Figure 4).

(a) 2010 (b) 2015

Comprehensive resilience grading

| 0.0827 — 0.3598
| ] 0.3599 - 0.5334
[ 0.5335 - 0.6001
I 0.6002 - 0.7124
B o 7125 - 0.8474
7/// Data not yet available

‘ Non-border city

(c) 2019

Figure 6. Spatial distribution of comprehensive resilience of northeast border cities in 2010, 2015,
and 2019.

Regarding time, there is a process of “first west and then east” resilience improvement.
In the past 10 years, from 2010 to 2019, the basic resilience level of the northeastern border
cities has generally shown an upward trend. Among them, the low-level resilience cities
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in the west, represented by the Xing’an League, Hulunbeir, and Heihe, showed the most
obvious improvement in the first five years. With the Western development strategy in 2010
entering the stage of accelerated development, eastern Mongolia benefited from the support
of the state and the Inner Mongolia Autonomous Region to achieve rapid economic and
social development. Second, the western region, including Heihe and Yichun, is located in
the Hulunbeier grassland and foothills of the Greater Hinggan Mountains and lacks a heavy
industry layout. Owing to their excellent long-term urban ecological environment, the basic
resilience of these cities has improved significantly. During the five years from 2015 to 2019,
although the overall basic urban resilience continued to improve, the growth rate slowed.
In addition, mainly in eastern Yanbian, Jixi and Jiamusi, as well as Dandong and Tonghua,
basic city resilience decreased significantly; this shows that border city development vitality
is limited, and that it is difficult to attract talent and industry.

4.2. Exclusive Resilience of Northeast Border Cities

From a spatial perspective, the exclusive resilience dimension of the northeastern
border cities generally presents a “high-middle-low” distribution trend in the region. High-
resilience cities are concentrated in the northwest and eastern regions, including Hulunbeier
in Inner Mongolia, Heihe in Heilongjiang, Mudanjiang, and Yanbian Prefecture in Jilin
Province. There is a high-resilience city at the exclusive dimension level at the boundary
of the administrative area, which reflects the historical basis and realistic environment of
the development of border cities with a geographical advantage in terms of location. For
example, as the window of trade between China and the DPRK, the Chinese Koreans in
Yanbian Prefecture have played a positive and important role in transforming Yanbian
into the center of China—-DPRK border trade; Heihe is one of the cities that first opened in
the country, owing to its excellent location in the Russian Far East; Manzhouli, which has
recently become a “holiday paradise for Russian tourists”, offers Hulunbuir a new point of
growth (Figure 5).

Regarding time, from 2010 to 2015, northeast China as a whole showed the trend of
“fast west to slow east”, and the exclusive resilience level of border cities in western China
increased significantly. During this period, the western region, represented by Hulunbeier
and Heihe, benefited from the support and guidance of the Ministry of Finance for the
establishment of national border economic cooperation zones in 2012 and made great
progress in attracting foreign investment and opening up. From 2015 to 2019, it showed
a trend of “fast in the east and slow in the west”. The level of exclusive resilience in the
eastern region rapidly increased, with Jixi, Mudanjiang, and Yanbian at the core. During
this period, in addition to the active participation of cities in cross-border trade, a stable
and good external environment provided important opportunities for the development of
border cities. As the eastern part of Northeast China has a long border with the DPRK, the
DPRK’s long-term performance of nuclear tests and subjection to repeated international
sanctions have limited its domestic development and threatened the security of China’s
border cities. Since 2013, the DPRK has released a signal to strengthen international
exchanges through the “Economic Development Zone Act” and has actively promoted
border trade cooperation with China in Manpu and Huishan, improving the exclusive
resilience of cities in the eastern region adjacent to the DPRK.

4.3. Comprehensive Resilience of Northeast Border Cities

From the overall calculation, the comprehensive border city basic resilience and
exclusive resilience of the two dimensions, as captured in Figure 6 within the first period
(2010-2015), is the northeast border city resilience level of the “enhance the transition
period”. Generally, showing a comprehensive and rapid improvement trend, this period
in the western cities discards the low-resilience development state. The second period
(2015-2019) is the “inefficient development period” of the resilience level in the northeast
border cities, which generally slows down and fluctuates locally. According to the specific
time node interpretation, (1) Hegang, Jiamusi, Mudanjiang, and Yanbian were moderately
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resilient cities in 2010, and are now low-resilience cities; (2) In 2015, the comprehensive
resilience level of border cities improved significantly. In addition to Jiamusi’s resilience
level decreasing to a low level, the resilience levels of Hegang, Jixi, Baishan, and Tonghua
showed an upward trend. (3) In 2019, the comprehensive resilience level of Jixi rose
to high resilience, and the resilience of Xing’an League and Jiamusi increased from low
resilience to moderate and medium-high resilience. The original high resilience levels of
Yichun and Dandong decreased to moderate resilience, and their cities maintained their
original resilience state or decreased from the medium-high level to the medium-low level
(Figure 6).

In general, the resilience of the northeastern border cities has changed significantly
over the past 10 years. The entire study area shows significant upward development in the
early stages of urban resilience and tends to stagnate in the later stages. Some cities tended
to experience a decline. The resilience of each city increased rapidly between 2010 and 2015.
By 2019, the effect of urban resilience improvement was not evident, and the three cities
had low, medium, and low resilience levels. Jixi showed the most obvious improvement
and became one of the five cities with high resilience. From the perspective of urban
development trajectory, Hulunbeier in eastern Inner Mongolia, Heihe in Heilongjiang
Province, Mudanjiang, Yanbian Prefecture in Jilin Province, and Dandong in Liaoning
Province maintained a high level of resilience for a long time. It is difficult for the northern
cities of Heilongjiang Province to achieve a high level of breakthrough when they face a
lack of stamina in terms of improving resilience. The resilience levels of border cities in
Jilin Province are declining and are difficult to improve.

5. Analysis of Obstacle Factors for Improving Resilience of Northeast Border Cities

To determine the main factors that hinder improvements in resilience in the northeast-
ern border cities, the obstacle degrees of each index in each year of each city are calculated
using Formula (1), and the annual obstacle factors of the largest individual cities M; are
marked. The obstacle factors and obstacle degrees of basic and exclusive resilience for each
city in 2010, 2015, and 2019 are presented in Table 3.

Table 3. Obstacles to Resilience in Northeast Border Cities in 2010-2019.

2010 2015 2019

Basic Exclusive Basic Exclusive Basic Exclusive

Resilience Resilience Resilience Resilience Resilience Resilience
OF oD OF oD OF oD OF oD OF oD OF oD
Xing’an League X4 8.34 X19 10.06 X4 7.45 X19 10.38 X3 7.18 X20 9.81
Hulunbuir X4 9.05 X19 7.75 X4 7.92 X19 8.71 X8 8.33 X19 8.19
Heihe X4 9.84 X21 6.93 X4 9.05 X21 7.05 X4 10.36 X21 7.89
Yichun X6 10.65 X21 5.02 X6 7.57 X16 5.27 X6 8.65 X18 7.59
Hegang X3 5.96 X16 5.6 X1 6.73 X18 5.73 X11 8.35 X18 7.22
Kiamusu X12 6.08 X19 6.03 X8 7.63 X18 6.7 X8 6.5 X18 6.43
Shuangyashan X3 6.14 X16 5.55 X4 10.32 X16 6.26 X3 9.79 X18 7.66
Jixi X11 6.03 X22 6.11 X6 9.92 X22 5.6 X3 7.76 X22 6.31
Mudanjiang X5 6.26 X21 6.09 X10 14.18 X21 6.16 X10 14.1 X21 7.84
Yanbian X4 6.84 X22 7.04 X7 6.1 X22 6.46 X8 7.71 X20 6.8
Baishan X11 7.94 X20 6.89 X11 24.2 X20 6.8 X11 15 X20 8.9
Tonghua X4 6.22 X20 7.07 X3 8.29 X20 10 X11 19.23 X20 9.2
Dandong X11 10.74 X20 7.99 X1 6.64 X20 11.9 X6 7.04 X20 14.9

Note: OF—obstacle factors. OD—obstacle degree.

According to the results of the analysis, from 2010 to 2019, regarding basic city
resilience, Xing’an League, Hulunbuir, Heihe, Shuangyashan, Yanbian Prefecture, and
Tonghua were all restricted by the scale of the cities’ social factors, among which Heihe had
the longest duration and the greatest obstacles. Specifically, Xing’an League, Hulunbeir,
Heihe, Yanbian, and Tonghua, five cities located in grassland and forest areas, experienced
difficulty forming large- and medium-sized cities owing to the sparse population in the
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region and the complex geographical environment. For such cities, it is recommended that
the agglomeration of surrounding populations is promoted in order to improve the level of
urbanization. In 2015, Shuangyashan’s city-scale obstacle level reached 10.32, and long-
term population loss, when exposed to its representative of the northeast resource-based
cities, faces contradiction. In addition, the obstacle factors of Shuangyashan in 2010 and
2019, and the first two stages of Hegang, are prominently manifested in the economy, and
are especially restricted by the economic structure. In the past, a single dependence on coal
mining and difficulties regarding industrial transformation have hindered improvements
in the economic resilience of resource-based cities. The optimization of the urban economic
structure requires the long-term efforts of local and national governments. Relying on
border locations to develop port trade and optimize the layout of import and export en-
terprises may become an opportunity for such urban transformation. The cities that are
more restricted by urban ecological factors are Jixi, Mudanjiang, Tonghua, Baishan, and
Dandong. The urban ecological environment of Jixi and Dandong was found to no longer
be the main obstacle factor after 2010, but a rise in the number of economic and social
indicators has become the main contradiction. The ecological factors of Mudanjiang are
related to a lack of urban greening, whereas Tonghua and Baishan exhibit poor environ-
mental governance. For such regional cities, Mudanjiang should appropriately increase
the area of urban public green space and the number of parks and squares in order to
improve the happiness of residents. Tonghua and Baishan need to increase investment in
environmental protection, strengthen environmental governance, and improve the quality
of border tourism by relying on the natural landscape of the Changbai Mountains.

Among the exclusive resilience barriers of border cities, the main constraints of Hegang
and Shuangyashan in 2010 were found to be the lack of foreign investment attraction
regarding the opening-up factor; Xing’an League, Hulunbeir, and Jiamusi are all vulnerable
to their neighboring countries in terms of their environmental factors; Baishan, Tonghua,
and Dandong are restricted by the development level of neighboring countries; Vichun and
Mudanjiang are mainly restricted by the distance between them and the provincial capital
cities in terms of contact intensity factors; Jixi and Yanbian are subject to geographical
location factors and are far away from the important port cities of neighboring countries.
In 2015, except for Yichun, Hegang, Jiamusi, and in relation to other obstacles, the cities
did not change. In 2019, the obstacle factors for the four cities mainly involved policy
support under the degree of opening up, which was still restricted by the environment
of neighboring countries and the intensity of ties. On the one hand, improvements in the
exclusive resilience dimension of the northeastern border cities are based on improvements
in the basic resilience of the city and rely on the development of the domestic market in order
to improve the benefits of opening up. On the other hand, relying on the high urbanization
level and excellent industrial foundation of the northeast border cities actively promotes
the coordination and adaptation of related industries and infrastructure construction in
the border areas, and then affects the overall resilience of the border cities. Given the
objective laws of Jixi and Mudanjiang, which are subject to geographical distance factors
regarding the attenuation of intercity connections, the adverse effects can be alleviated by
building high-speed rail, connecting the road network with neighboring countries, and
developing air transportation. In terms of national policies, based on the existing first
and second types of opening-up ports in each city, the state’s investment in pilot areas in
Hulunbeir, Mudanjiang, Yanbian, and other places has achieved fruitful results in the past
10 years. In contrast, the development of border cities with poor original foundations and
prominent geographical disadvantages will face greater challenges, particularly as it is
difficult to obtain national policy support. To cope with the geo-environmental pressure
of neighboring countries, China should take advantage of being based in Northeast Asia,
and adhere to the attitude of cooperation and tolerance. In addition its “Belt and Road”
initiative should be connected with Mongolia’s “Grassland Road” and Russia’s “Eurasian
Economic Union” plan through land ports such as Manzhouli and Suifenhe, in order to
further develop friendly cooperation with neighboring countries.
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Overall, we should strengthen the relationship between the basic and exclusive di-
mensions of the resilience of border cities, consolidate and improve the basic resilience of
cities, highlight the advantages of urban exclusive resilience, overcome the main obstacles,
consider the northeast border cities to be the opening door of the northeast region, rely on
China’s technology, capital, and market, make use of the existing railway and highway
transportation infrastructure that connects the country with Russia, Mongolia, and Korea,
and use this as a passage through which to carry out land-sea intermodal transport, de-
velop the northeast border cities into the primary growth zone of the border areas, promote
the development of the northeast hinterland, and strengthen national exchanges using
economic cooperation in order to form a safe and effective border-opening platform.

6. Discussion

As a place for economic and cultural exchange between countries in border areas,
the development of border areas has an equally important role in security. As a spatial
carrier for gathering various resources in this area, the study of resilience provides new
ideas for exploring the spatial governance and sustainable development paths of border
areas, which differ from inland and coastal areas. This is conducive to compensating for
the shortcomings of urban development, giving full play to the geopolitical and economic
advantages of border areas, and has far-reaching strategic significance for maintaining
national and regional security. This paper is different from the existing research on border
cities in the development of northeast China; its innovative aspect is that it proposes the
construction of an “urban basic space-border exclusive space” measure of resilience model.
Based on the overall area view, it is difficult to emphasize the special part of China’s
border city system, so it is difficult to examine the objective reality of the development
of border cities. After the “border area” was artificially designated as a “frontier” with
certain administrative boundaries, the established cities rely on the resources in the border
area for development, and the development level of the border cities feeds back to the
border. Therefore, this study suggests that the elements of border areas and border cities
are closely linked, that the relationship is complex, and it thus considers the key factors for
improving the resilience of both cities. Considering the border cities of Northeast China
as the study objects, we measured the differences in the duration of resilience and spatial
levels in the basic and exclusive layers, respectively. We then analyzed the obstacles to
the resilience level and linked them with the actual development situation in order to
provide countermeasures and suggestions for high-level resilience development in China’s
northeast border cities [40].

Among the basic resilience obstacle factors of border cities, the main focus is on the
constraints of economic, social and ecological aspects.

(1) For cities mainly constrained by economic factors, such as Shuangyashan and
Jixi, their economic resilience has been hindered by their single reliance on coal mining
and difficulties in relation to industrial transformation in the past. These cities should
focus on cultivating new industries and high-tech industries so that they gradually replace
resource-based industries as those leading the city’s economic development. At the same
time, fully relying on national policies, they should take the revitalization of old industrial
bases as an opportunity to adjust industrial structure, strengthen institutional innovation
and the drive for scientific and technological innovation, make their industrial types
gradually transform into diversified structures, stimulate market vitality and take the path
of sustainable development.

(2) Some cities have been mainly constrained by social factors, such as Heihe and
Yanbian. Taking Heihe as an example, it has long been constrained by social factors in terms
of city size, which has a long duration and is related toa high number of obstacles. While
promoting the development of new urbanization, Heihe should fully utilize its position as
an important window for opening up to the north along the “Belt and Road” in order to
promote flexible industrial development and achieve sustainable development through the
integration of production, life and ecology.
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(3) Some cities are mainly constrained by ecological factors, such as Mudanjiang,
Tonghua and Baishan. The ecological constraints of Mudanjiang are mainly its insufficient
level of urban greening, while Tonghua and Baishan have poor environmental manage-
ment capacities. These cities should improve their productivity and production efficiency,
expand the scale of production, create a livable and moderate life, improve the ecological
environment, establish greening space, appropriately increase the area of public green
space and the number of parks and squares in urban areas, and enhance the happiness
of residents. At the same time, they should increase investment in environmental pro-
tection, strengthen environmental governance, take practical measures to strengthen the
environmental protection governance system, and improve the quality of border tourism
by relying on the humanities and the natural landscapes characteristic of the northeast.

Among the barriers to the exclusive resilience of border cities, the constraints are
mainly concentrated in three aspects: opening up to the outside world, territorial environ-
ment and linkage strength.

(1) For cities that are mainly constrained by external opening factors, such as Yichun
and Hegang, the scale of production should be expanded by introducing large-scale foreign
direct investment, which can effectively solve the problem of insufficient capital in regional
economic construction; in addition, capital formation should be promoted, thus promoting
sustainable economic development. Regions with mainly agriculture should develop
agricultural products with special characteristics for export at home and abroad. Regions
that mainly develop mineral resources should try to find a replacement industry in order
to stop relying on resource benefits and seek multi-faceted development.

(2) Cities that are mainly constrained by environmental factors in the territory, such
as Dandong, Xing’an Meng, Baishan, and Hulunbuir, should continue to base their de-
velopment on Northeast Asia, uphold a cooperative and inclusive attitude, and combine
China’s “Belt and Road” initiative with Mongolia’s “Steppe Road” and Russia’s “Eurasian
Economic Road” through land ports such as Manzhouli and Suifenhe. The “One Belt and
One Road” initiative of China, the “Steppe Road” of Mongolia and the “Eurasian Economic
Union” of Russia should be connected to further develop friendly and cooperative relations
with neighboring countries.

(3) For cities that are mainly constrained by the strength of links, such as Heihe,
Mudanjiang and Jixi, which are subject to the objective law of geographical distance and
the decay of inter-city links, the negative impact can be mitigated by building high-speed
railways, linking up with the road networks of neighboring countries and developing air
transport.

In addition, the administrative area of Northeast China border cities is large, the
natural geographical environment, social population, and economic conditions are com-
plex, and data acquisition is inconvenient. Further research should be conducted using
technology, government support, field research, interviews, and other means in order to
verify the findings of this study.

7. Conclusions

Based on the analysis of the definition and characteristics of resilience in border cities
and the empirical study of Northeast China, this study draws the following conclusions:

(1) Overall, the resilience index of the northeastern border cities from 2010 to 2019
showed a larger increase in the early stage and a slower increase in the later stage, and
the spatial differences between cities gradually expanded. In summary, the number of
high-level resilient cities has increased in the past 10 years, but they still do not hold a
dominant position. Simultaneously, the resilience level of some cities has declined, and two
high-resilience core areas have been formed: Hulunbeir and Heihe in the western region,
and Yanbian, Mudanjiang, and Jixi in the eastern region. Urban resilience on both sides
of the periphery of the core area is low, and there was a trend observed in the space that
generally showed a cross-distribution of cities with high, medium, and low resilience levels.
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(2) Based on the resilience dimension of the border cities constructed in this study,
in terms of the basic resilience level of cities, the polarization pattern of “low in the west
and high in the east” has shown an overall improvement and has narrowed with regard
to regional differences in the past 10 years. At the level of urban exclusive resilience,
overall, resilience has effectively improved over time, although the spatial difference is still
large. Among them, Heihe, Mudanjiang, and Yanbian have a good foundation for foreign
cooperation, and Hulunbeir and Jixi, with rapid economic growth, have significantly
improved resilience.

(3) Through the diagnosis of obstacle factors, it is found that the resilience level of cities
in the northeast border is mainly affected by the comprehensive constraints of economic
structure, urban scale, and development potential in the basic resilience dimension of
cities, and by those of national policy support and the development level of neighboring
countries in the exclusive resilience dimension of urban borders. Factors such as the urban
infrastructure level, ecological environment, and foreign trade dependence do not have a
significant impact.

To enhance the resilience of border cities, on the one hand, it is necessary to regard
the basic elements as the basic conditions for urban development, optimize the industrial
structure, attract population to enhance the development potential, and protect the lives of
residents in order to realize the long-term promotion of the basic strength of border cities
and provide support for urban foreign economic activities. On the other hand, highlighting
the level of exclusive resilience and its improvement depends more upon the city’s opening-
up capacity, including the attraction of policies, and it less limited by factors related to the
environment and the contact strength with neighboring countries.
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